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Claims; 

After amending the claims as set forth above, claims 21 , 32-41 , 43-48, 53, 54, 
and 56-59 will be pending in this application. 

Claim 21 as amended is directed to a plant comprising plant cells containing 
nucleic acid encoding a biologically functional immunoglobulin product comprising an 
immunoglobulin heavy chain polypeptide and an immunoglobulin light chain polypeptide 
wherein the nucleotide sequences also encode a leader sequence for each polypeptide and 
wherein the tight chain polypeptide or the heavy chain prolypeptide or both are not full 
length . The amended claim further requires the plant cells to contain biologically 
functional immunoglobulin product encoded by the nucleotide sequences, wherein each 
leader sequence forms a secretion signal that is cleaved by proteolytic processing from 
each of the immunoglobulin heavy and light chain polypeptide. 

Claim 43 as amended is directed to a plant, comprising plant cells containing 
nucleotide sequences each encoding an immunoglobulin single polypeptide product 
containing at least an immunoglobulin heavy chain polypeptide or portion thereof, an 
immunoglobulin light chain or portion thereof, or both an immunoglobulin heavy chain or 
portion thereof and an immunoglobulin light chain or portion thereof, wherein the 
nucleotide sequences encode a leader sequence forming a secretion signal. In addition, 
the claim excludes plant cells that contain nucleic acid encoding both a separate heavy 
and a separate light immunoglobulin chain. The claim further requires the plant cells to 
contain immunoglobulin single polypeptide product encoded by The nucleotide sequences, 
wherein the leader sequence is cleaved from said the polypeptide product following 
proteolytic processing. 

Amendment Support 

The amendments to claim 21 find ample basis in the application as filed. Support 
for plant cells containing nucleic acid encoding an immunoglobulin product comprising an 
immunoglobulin heavy chain polypeptide and an immunoglobulin light chain polypeptide 
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wherein the nucleotide sequences also encode a leader sequence for each polypeptide and 
wherein said tight chain polypeptide or said heavy chain polypeptide or both are not full 
length" can be found in the specification, for example as follows: 

a) Page 1 1 , lines 5-1 8, setting forth definitions of Fab fragment and Fv 
fragment. {"A Fab fragment may also be prepared by expressing in a suitable host 
cell the desired portions of immunoglobulin heavy chain and immunoglobulin light 
chain . . . ."); 

b) Page 15, lines 22 to 33, describing Fab and Fv fragments, ("fragment 
consisting of a portion of an immunoglobulin heavy chain and a portion of an 
immunoglobulin light chain."); 

c) Page 16, lines 1 1 to 18, referring to an abzyme ("comprised of at least a 
portion of the immunoglobulin heavy chain variable region in association with 
another polypeptide chain, this other polypeptide chain includes at least the 
biologically active portion of an immunoglobulin light chain variable region/'); 

d) Page 28, lines 4-13, referring to transgenic plants containing an 
immunoglobulin product. ("Useful immunoglobulin products are well known to one 
skilled in the immunoglobulin art and include an immunoglobulin heavy chain, an 
immunoglobulin molecule comprised of a heavy and a light chain. One half of an 
immunoglobulin molecule, a Fab fragment, a Fv fragment, and proteins known as 
single chain antigen binding proteins."); 

e) Page 31, line 26 to page 32, line 2 (emphasis added), referring to a biologically active 

glycopolypeptide multimer. 

("[the multimer] comprises a polypeptide having a glycosylated 
core portion as well as N-acetylglucosamine containing outer 
branches and an amino acid residue sequence of an 
immunoglobulin molecule that is bonded to at least one other 
polypeptide . . . the other polypeptide may include an amino 
acid residue sequence of an immunoglobulin superfamily 
molecule, an immunoglobulin molecule, an immunoglobulin 
heavy chain, an immunoglobulin heavy chain variable region, a 
portion of an immunoglobulin heavy chain variable region , an 
immunoglobulin light chain, an immunoglobulin light chain 
variable region, or a portion of an immunoglobulin light chain 
region ."). 
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Support for deletion of the phrase "not normally produced by the plant" in claim 21 
can be found in the specification, for example, under the section entitled "SUMMARY OF 
THE INVENTION/ which refers to sequences encoding immunoglobulins as "mammalian" 
sequences. 

The amendments to claim 43 also find ample basis in the application as filed. 
Support for plant cells containing "nucleic acid encoding an immunoglobulin single 
polypeptide product containing at least an immunoglobulin heavy chain polypeptide or 
portion thereof, an immunoglobulin light chain or portion thereof can be found in the 
specification, for example as follows: 

a) Page 29, lines 28-29. ("In other preferred embodiments the 
immunoglobulins product consists of Vm alone , or of a Vh associated with a Vl to 
form a Fv fragment.") (emphasis added); 

b) Page 30, lines 10-17, referring to an abzyme ("an abzyme constituted by 
either an immunoglobulin heavy chain and its associated variable region, or by an 
immunoglobulin heavy chain and an immunoglobulin light chain associated together 
to form an immunoglobulin molecule, a Fab, Fv or a substantial portion of an 
immunoglobulin molecule."); 

c) Page 62 line 1 8 ("Example 2") to page 63, line 9, describing preparation 
of a plant expression vector encoding an immunoglobulin light chain single 
polypeptide with a leader sequence {"The resulting kappa light chain expression 
vector contained a gene coding for the entire kappa chain including the kappa 
leader."); 

d) Page 64 line 18 ("Example 3") to page 65, line 5, describing preparation 
of a plant expression vector encoding an immunoglobulin heavy chain single 
polypeptide with a leader sequence ("The resulting gamma heavy chain expression 
vector contained a gene coding for the entire gamma heavy chain including the 
gamma leader/) 

e) Page 68, Table 3 and accompanying text, describing immunological 
detection of gamma heavy chain and kappa light chain expressed separately as a 

023.207852.2 _Q. 

Received from <> at 12/27/01 3:21:15 PM [Eastern Standard Time] 



0 EC. 27. 2001 1 2:07PM 356^-6773 FOLEY AND LARDNER NO. 1 026 P. 12 



Atty. Dkt. No. DOCKET_NO:TSRI 184.2C2 



single polypeptide in a plant, {see numbers under headings "Gamma-L" and "Kappa- 
L">. 

f) Page 75, lines 5-13, describing detection of RNA encoding gamma heavy 
chain and kappa light chain expressed separately as a single polypeptide in a plant, 
{referring to kappa with leader and gamma with leader represented by lanes 3 and 
4, respectively, in Figure 4 of U.S. 5,202,422); 

g) Page 76, lines 22-32, describing immunological detection through 
Western blotting of gamma heavy chain and kappa light chain expressed separately 
as a single polypeptide in a plant, {referring to kappa with leader and gamma with 
leader represented by lanes 5 and 6, respectively, in Figure 5 of U.S. 5,202,422); 
and 

h) See cited support under claim 21 above as support for "portions thereof," 
in claim 43. 

Support for the amendment in claim 43 for nucleic acid encoding an 
immunoglobulin single polypeptide product containing "both an immunoglobulin heavy 
chain or portion thereof and an immunoglobulin light chain or portion thereof " can be 
found in the specification, for example as follows: 

a) Page 10, lines 5-10, defining a single chain antigen-binding protein and 
encoding gene. ("A polypeptide composed of an immunoglobulin light-chain 
variable region amino acid sequence (Vl) tethered to an immunoglobulin heavy- 
chain variable region amino acid sequence (Vh) by a peptide that links the carboxyl 
terminus of the Vl sequence to the amino terminus of the Vh sequence,"); 

b) Page 28, lines 5-13, identifying useful immunoglobulin products in 
transgenic plants, ("and proteins known as single chain antigen binding proteins. . 
, . The structures of single chain antigen binding proteins has been described by 
Bird et al., Science , 242: 423-426 (1988) and U.S. Patent No, 4,704,692 to 
Ladner."). 
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In view of the above cited overwhelming support, it is respectfully submitted that 
the amendments raise no issue of new matter, Accordingly, entry of the amended claims 
into the case is respectfully requested. 

AMENDMENT OF THE SPECIFICATION 

In the previous amendment, Applicant requested to amend the specification to 
update the section entitled "Cross reference to Related Applications." The Office Action 
mailed July 5, 2001 , entered the amendment with the exception of the phrase "the 
disclosures of which are incorporated by reference herein, " which was denied entry for 
allegedly constituting new matter. Applicant respectfully points out, however, that the 
Utility Patent Application Transmittal (copy attached as Exhibit A) that accompanied the 
instant patent application shows that box 5, requesting incorporation by reference of the 
parent application (08/642,456), was checked. It is further noted that the parent 
application (08/642,456) expressly incorporates by reference the applications that were 
referred to in the portion of Applicant's previous amendment that was denied entry. The 
relevant language from 08/642,456 is as follows; 



CROSS REFERENCE TO RELATED APPLICATION 

This is a continuation-in-part of U.S. application Ser. No. 
07/971,951, filed Nov. 5, 1992 now U.S. Pat. No. 
5,639,947, which is a continuation of U.S. Ser. No. 
07/591,823, filed Oct. 2, 1990 (now U.S. Pat. No. 
5,202,422), which is a continuation-in-part of U.S. Ser. No. 
07/427,765, filed Oct. 27, 1989 (abandoned), the disclosures 
of which are incorporated by reference herein. 



In view of the above, the Examiner is respectfully requested to withdraw the denial of 
entry and enter Applicant's prior requested amendment of the specification in toto. 

DOUBLE PATENTING REJECTION 

Claims 21 , 32-54, 56-66 and 68-82 have been rejected under the judicially created 
doctrine of obviousness-type double patenting as being allegedly unpatentable over claims 
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21-66 of copending Application No. 09/512,736. Claims 42, 49-52, 60-66 and 68-78 
have been cancelled herein, thus rendering the rejection moot as to these claims. 
Although Applicant does not agree with the basis for this rejection, a terminal disclaimer 
that obviates the rejection is attached herewith. Applicant reserves the right to later 
withdraw the disclaimer depending on the claims that ultimately issue from copending 
Application No. 09/512,736. 

REJECTION UNDER 35 U.S-C. § 102 OVER DURING 

The rejection of claims 21, 32-39, 42-47, 49-54, 56, 67, 60-66, 68, 70-75, 78, 
and 80-82 under 35 U.S.C. § 102(b) as being allegedly anticipated by During 
(Dissertation) is respectfully traversed. Claims 42, 49-52, 60-66 and 68-78 have been 
cancelled herein, thus rendering the rejection moot as to these claims. 

Claims 21 and dependents are not anticipated by During 

With respect to claim 21 and its dependent claims, During fails to disclose or 
otherwise teach a plant comprising plant cells containing nucleic acid encoding an 
immunoglobulin heavy chain polypeptide and a light chain polypeptide wherein the light 
chain polypeptide or the heavy chain prolypeptide or both are not full length; During 
makes no mention of any immunoglobulin heavy or light chain that is not full-length. 
Encompassed by these claims are fragments of immunoglobulin such as those originally 
obtained by site specific proteolytic processing including the Fab' 2 fragment and the Fab 
fragment, which comprise an assembled molecule which includes a full length light chain 
and a truncated heavy chain. Also encompassed are fragments originally generated 
primarily by non-proteolytic means such as the Fv fragment, which comprises both a 
truncated heavy and light chain. 

Accordingly, on this basis alone, the rejection of claims 21 and its dependent 
claims under section 102(b) over During is without basis and should be withdrawn. It is 
further noted, however, that During also fails to disclose or otherwise teach the claimed 
requirement for a biologically functional immunoglobulin product encoded by the 
nucleotide sequences, wherein each leader sequence forms a secretion signal that is 
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cleaved from each of the immunoglobulin heavy chain and light chain polypeptide 
following proteolytic processing. The During thesis teaches an alternative strategy where 
the expression of the light chain is directed by a chimeric signal peptide-light chain gene 
which includes three amino acids not normally found at the C-terminus of a eukaryotic 
signal sequence {p. 18, line 7; Figure HI/4). Using this strategy, During attempted to 
secrete a light chain only but ultimately failed to produce a detectable level of the 
polypeptide (During translation, p.80, line 2). During's failure to produce cells expressing 
only the light chain was likely a result of incorrect proteolytic processing of the leader 
from the light chain and failure of the protein to enter the eukaryotic secretory pathway 
(DECLARATION by Steven Mayfield under 37 C.F.R. § 1.132, dated May 13, 2001). 

Accordingly, because During fails to disclose each and every element of the 
claimed invention, the rejection of claim 21 and its dependent claims under section 102(b) 
fails as a matter of law. The examiner, therefore, is respectfully urged to withdraw the 
rejection of the claims. 

Claims 43 and dependents are not anticipated by Dtiring 

With respect to claim 43 and its dependent claims, During fails to disclose or 
otherwise teach a plant comprising plant cells containing nucleic acid encoding an 
immunoglobulin single polypeptide product containing at least an immunoglobulin heavy 
chain polypeptide or portion thereof, an immunoglobulin light chain or portion thereof, or 
both an immunoglobulin heavy chain or portion thereof and an immunoglobulin light chain 
or portion thereof, wherein the nucleotide sequences encode a leader sequence forming a 
secretion signal wherein the cells containing nucleotide sequence encoding an 
immunoglobulin heavy chain polypeptide or portion thereof do not contain nucleotide 
sequence encoding a light chain, while the cells containing nucleotide sequence encoding 
an immunoglobulin light chain polypeptide or portion thereof do not contain nucleotide 
sequence encoding a heavy chain. During does not disclose or otherwise teach to express 
any immunoglobulin light or heavy chain polypeptide by itself. As already described, 
During tried but failed to express a light chain polypeptide without the heavy chain and 
During made no attempt to express a heavy chain polypeptide without a light chain 
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polypeptide. During also fails to disclose or otherwise teach plant cells containing nucleic 
acid express both a light and a heavy chain together as a single immunoglobulin 
polypeptide. 

Accordingly, because During fails to disclose each and every element of the 
claimed invention, the rejection of claim 43 and its dependent claims under section 102(b) 
fails as a matter of law. The examiner, therefore, is respectfully urged to withdraw the 
rejection of the claims. 

REJECTION UNDER 35 U.S.C. § 102 OVER GOODMAN 

The rejection of claims 21, 32-40, 42-47, 49-54, 56-58, 60-66, 68, 70-76, and 
78-82 under 35 U.S.C. § 102(e) as being allegedly anticipated by Goodman (U.S. No. 
4,956,282) is respectfully traversed. Claims 42, 49-52, 60-66 and 68-78 have been 
cancelled herein, thus rendering the rejection moot as to these claims. 

Claim 21 and its dependents are not anticipated by Goodman 

With respect to claim 21 and its dependent claims, Goodman fails to disclose or 
otherwise teach a plant comprising plant cells containing nucleic acid encoding an 
immunoglobulin heavy chain polypeptide and a light chain polypeptide wherein the light 
chain polypeptide or the heavy chain polypeptide or both are not full length. This is 
readily evident because Goodman makes only a passing reference to expressing 
immunoglobulins, which is nearly buried amidst a laundry list of known mammalian 
proteins as seen below: 

Structural genes of interest include .alpha.-, -beta.- and 
.gamma. -interferons, immunoglobulins, with the structural 
genes coding for the light and heavy chains and desirably 
assembly occurring in the plant cell , lymphokines, such as 
interleukins 1, 2 and 3, growth factors, including insulin-like 
growth factor, epidermal growth factor, platelet derived 
growth factor, transforming growth factor-.alpha., -.beta., 
etc., growth hormone, insulin, collagen plasminogen activator, 
blood factors, such as factors I to XII, histocompatibility 
antigens, enzymes, or other mammalian proteins, particularly 
human proteins. 
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U.S. No. 4956282, col. 3, lines 11-30 (emphasis added). There is clearly nothing 
in this statement that refers directly or indirectly to an immunoglobulin with less than a 
full length heavy or light chain. 

Accordingly, because Goodman fails to disclose each and every element of the 
claimed invention, the rejection of claim 21 and its dependent claims under section 102(e) 
fails as a matter of law. The examiner, therefore, is respectfully urged to withdraw the 
rejection of the claims. 

Claim 43 and its dependents are not anticipated by Goodman 

With respect to claim 43 and its dependent claims, Goodman fails to disclose or 
otherwise teach a plant comprising plant cells containing nucleic acid encoding an 
immunoglobulin single polypeptide product containing at least an immunoglobulin heavy 
chain polypeptide or portion thereof, an immunoglobulin light chain or portion thereof, or 
both an immunoglobulin heavy chain or portion thereof and an immunoglobulin light chain 
or portion thereof, wherein the nucleotide sequences encode a leader sequence forming a 
secretion signal wherein the cells containing nucleotide sequence encoding an 
immunoglobulin heavy chain polypeptide or portion thereof do not contain nucleotide 
sequence encoding a light chain, while the cells containing nucleotide sequence encoding 
an immunoglobulin light chain polypeptide or portion thereof do not contain nucleotide 
sequence encoding a heavy chain. 

Again, the limited description in Goodman concerning antibody expression makes 
no mention whatsoever to expressing immunoglobulin single polypeptides of any form. 
Accordingly, because Goodman fails to disclose each and every element of the claimed 
invention, the rejection of claim 43 and its dependent claims under section 102(e) fails as 
a matter of law. The examiner, therefore, is respectfully urged to withdraw the rejection 
of the claims. 
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REJECTION UNDER 35 U.S.C. § 103 OVER DARING 

The rejection of claims 21, 32-54, 56-66 and 68-82 under 35 U.S.C. § 103(a) as 
being allegedly unpatentable over During in view of Applicant's allegedly admitted prior art 
is respectively traversed. Claims 42, 49-52, 60-66 and 68-78 have been cancelled herein, 
Thus rendering the rejection moot as to these claims. 

Relevant Law 

A claimed invention is obvious if the differences between it and the prior art "are 
such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art." 35 U.S.C, § 103 (1994); 
see also Graham v. John Deere, 383 U.S. 1,13 (1966). Federal Circuit case law provides 
that "[t]he consistent criterion for determination of obviousness is whether the prior art 
would have suggested to one of ordinary skill in the art that this process should be carried 
out and would have a reasonable likelihood of $uccess r viewed in the light of the prior 
art." In re Dow Chem., 837 F.2d 469, 473, 5 USPQ2d 1529, 1531 (Fed.Cir.1988). Under 
the law, there must be a showing of a suggestion, teaching, or motivation to combine the 
prior art references is an "essential evidentiary component of an obviousness holding." 
C.R. Bard, Inc. v. M3 Sys. Inc., 157 F.3d 1340, 1352/48 USPQ2d 1225, 1232 
(Fed.Cir.1998). Also required is that the combined teachings have a reasonable 
expectation of success, viewed in light of the prior art. See In re Dow Chemical Co., 837 
F,2d 469, 473, 5 USPQ2d 1529, 1531 (Fed.Cir.1988)("Both the suggestion and the 
expectation of success must be founded in the prior art, not in applicant's disclosure.*). 

The examiner bears the burden of establishing a prima facie case of obviousness. 
In re Rijckaert, 9 F.3d 1531, 1532, 28 USPQ2d 1955, 1956 (Fed.Cir.1 993); In re 
Oetiker, 977 F.2d 1443, 1445, 24 USPQ2d 1443, 1444 (Fed.Cir.1 992). This showing 
must be clear and particular, and broad conclusory statements about the teaching of 
multiple references, standing alone, are not "evidence." See Dembiczak, 175 F.3d at 
1000, 50 USPQ2d at 1617. However, the suggestion to combine need not be express 
and "may come from the prior art, as filtered through the knowledge of one skilled in the 
art. 1 ' Motorola, Inc. v. Interdigital Technology Corp., 121 F.3d 1461, 1472, 43 USPQ2d 
1481, 1489 (F d.Cir.1997). Only when the examiner's burden is met does the burden of 
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coming forward with rebuttal argument or evidence shift to applicant. Rijckaert, 9 F.3d at 
1532, 28 USPQ2d at 1956. 

Claim 21 and its dependents are not obvious over During 

To reiterate, claim 21 and its dependents require that plant cells contain nucleotide 
sequences encoding a biologically functional immunoglobulin product comprising an 
immunoglobulin heavy chain polypeptide and an immunoglobulin light chain polypeptide 
wherein said nucleotide sequences also encode a leader sequence for each polypeptide 
and wherein said light chain polypeptide or said heavy chain polypeptide or both are not 
full length . Also required is that the plant cells contain the encoded biologically functional 
immunoglobulin product and that each leader sequence form a secretion signal which is 
cleaved by proteolytic processing from the immunoglobulin heavy chain and the light 
chain. 

As already discussed under anticipation, the During dissertation fails to teach the 
requirement for nucleic acid encoding a biologically functional immunoglobulin product 
wherein the nucleic acid encodes a leader sequence for each polypeptide and wherein the 
light chain polypeptide or said heavy chain polypeptide, or both, are not full length. In 
particular, the strategy used by During for expression is different from Applicant's claimed 
invention. This is because During chose to add polar amino acids and a methionine 
between the mature variable light chain amino terminus and the leader peptide sequence. 
As previously argued by Applicant, During's strategy likely obscured the recognition site 
for proteolytic processing and removal of the leader peptide, a step that is necessary for 
proper assembly of a heavy-light chain antibody construct. Stephen Mayfield Declaration, 
page 2, 1FU4-6. Thus, During fails to teach not only the claimed nucleic acid requirement 
that encodes less than a full length polypeptide, but also fails to teach the requirement for 
biologically functional immunoglobulin product where the leader from each chain is 
cleaved by proteolytic processing. 

It is respectfully submitted, therefore, that the above noted deficiencies in the 
teachings of During with respect to claim 21 and its dependents clearly demonstrate that 
no substantive foundation exists upon which to find the claims obvious over this 
reference. Although the claims are not presently rejected as obvious over Daring in 
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combination with any specified prior art teaching, it is also submitted that no such 
teachings or combination of teachings exist that could cure the deficiencies noted for 
During. 

The only other reference cited for obviousness in this action is Goodman, but this 
reference is similarly deficient in teaching or suggesting a heavy-light chain 
immunoglobulin wherein at least one of the chains are not full length. Goodman's 
teachings at best are limited to expressing gamma interferon, a lymphokine that in 
structurally and functionally distinct from immunoglobulin. Accordingly, the examiner is 
respectfully urged to withdraw the rejection of claims 21 and dependents as allegedly 
obvious over During. 

Claim 43 and its dependents are not obvious over During 

To reiterate, claim 4-3 and its dependents require plant cells containing nucleotide 
sequences each encoding an immunoglobulin single polypeptide product containing at 
least an immunoglobulin heavy chain polypeptide or portion thereof, an immunoglobulin 
light chain or portion thereof, or both an immunoglobulin heavy chain or portion thereof 
and an immunoglobulin light chain or portion thereof, wherein the nucleotide sequences 
encode a leader sequence forming a secretion signal. The claim further requires the plant 
cells to contain immunoglobulin single polypeptide product encoded by the nucleotide 
sequences, wherein the leader sequence is cleaved from said the polypeptide product 
following proteolytic processing. Expressly excluded from the claims are plant cells that 
contain nucleic acid encoding both a separate heavy and a separate light immunoglobulin 
chain. 

As already discussed under anticipation, During fails to disclose or otherwise teach 
a plant comprising plant cells containing nucleic acid encoding any immunoglobulin single 
polypeptide product wherein the plant cells do not contain nucleic acid encoding both a 
separate heavy and a separate light immunoglobulin chain. In fact, if one takes the 
teachings of DOring at face value (ignoring what Applicant believes are significant 
deficiencies in enablement), During in fact teaches away from the claimed invention 
because During attempted and fail d to express an immunoglobulin light chain 
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polypeptide. Diking translation, p.80, line 2. During never attempted nor even discussed 
expression of the immunoglobulin heavy chain polypeptide by itself. During also never 
attempted or discussed expressing a single polypeptide heavy and light chain construct, 
such as a single chain Fv. 

It is respectfully submitted, therefore, that the above noted deficiencies in the 
teachings of Daring with respect to claim 43 and its dependents clearly demonstrate that 
no substantive foundation exists upon which to find the claims obvious over this 
reference. Although the claims have not presently been rejected as obvious over Daring in 
combination with any specified prior art teaching, it is also submitted that no such 
teachings or combination of teachings exist that could cure the deficiencies noted for 
During. 

The only other reference raised for obviousness in this action is Goodman, but the 
teachings of this reference are similarly deficient to that of During. When it comes to 
immunoglobulins, Goodman only mentions expressing immunoglobulin heavy and light 
chains together in the same cell so that the chains can assemble. Such immunoglobulin, 
however does clearly does not teach or suggest the invention of claim 43 and its 
dependents. It can be argued that Goodman's failure to mention expression of an 
immunoglobulin heavy chain alone or light chain alone teaches constitutes a teaching 
away from the claimed invention {Goodman's failure to mention a single polypeptide that 
encodes both an immunoglobulin light and heavy chain is understandable since such 
construct was not known until years later). Accordingly, the examiner is respectfully 
urged to withdraw the rejection of claims 43 and dependents as allegedly obvious over 
During, 

REJECTION UNDER 35 ILS.C. § 103 OVER GOODMAN 

The rejection of claims 21, 32-54, 56-66 and 68-82 under 35 U.S.C. § 103(a) as 
being allegedly unpatentable over Goodman in view of Applicant's allegedly admitted prior 
art is respectively traversed. Claims 42, 49-52, 60-66 and 68-78 have been cancelled 
herein, thus rendering the rejection moot as to these claims. 
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Claim 21 and its dependents are not obvious ov r G odman 

As already mentioned, Goodman fails to mention a heavy-light chain 
immunoglobulin wherein at least one of the chains is not full length. Goodman's passing 
reference to expressing immunoglobulins is nothing more than an invitation to experiment. 
Goodman does not provide sufficient guidance to enable one skilled in the art to use 
methods for the production of a full-length immunoglobulin, let alone an immunoglobulin 
with a heavy or light chain {or both) that is not full length, because Goodman does not 
describe procedures for production of any immunoglobulin product whatsoever. Goodman 
is unaware of requirements for production of any immunoglobulin product in plants. 

Furthermore, Goodman's teachings on gamma interferon expression would not 
reasonably have been considered to advance the possibility of immunoglobulin expression 
in plants. As already mentioned, gamma interferon is structurally and functionally distinct 
from immunoglobulin light or heavy chains, the latter of which are immunoglobulin 
superfamily members. Also, it was known by the late 1 980s that antibodies 
encompassing a heavy and a light chain are secreted through a complex interaction 
between the chains and other proteins. For example, heavy chain production in B cells 
was known to precede that of light chain production in ontogeny, and that the heavy 
chain binds to the BiP protein in the endoplasmic reticulum before heavy chain assembles 
with light chain. See e.g., Mass et al. r Proc Natl. Acad. Sci. USA 81 :71 85-71 88 (1984) 
(copy attached as Exhibit B, p. 7187, right column, citing reference 1 1, Burrous et al.. 
PNAS USA 78:564 (1981}). It was also known that heavy chain production in the 
absence of light chain production was often fatal in mature B lymphocytes. See e.g., Id. 
(Exhibit B; p. 71 85, left column). Furthermore, if heavy chain were produced without 
light chains, the heavy chains were not secreted (see Pepe et al., J. Immunol. 137:2367- 
2372 (1986); copy attached as Exhibit C, p. 2367, left column); The opposite was true, 
however, when light chains were secreted without heavy chains. 

Thus, the absence of a chemical or biological relationship between gamma 
interferon and immunoglobulin, as well as the known complexity underlying 
immunoglobulin secretion would have rendered the teachings of Goodman largely 
irrelevant to the claimed invention. Furthermore, as already discussed, the teachings of 
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During da not in any way cure the deficiencies in the teachings of Goodman. Accordingly, 
the examiner is respectfully urged to withdraw the rejection of claims 21 and dependents 
as allegedly obvious over Goodman. 

Claim 43 and its Dependents are not obvious over Goodman 

Goodman's mere passing reference to immunoglobulins describes immunoglobulin 
heavy and light chains expressed together in the same cell. As already discussed, the 
absence of any mention in Goodman of an immunoglobulin single polypeptide product 
arguably constitutes a teaching away of the invention of claims 43 and dependents. 
Furthermore, Goodman also fails to mention a single polypeptide that encodes both an 
immunoglobulin light and heavy chain. 

Furthermore, Goodman's teachings on gamma interferon expression would not 
reasonably have been considered to advance the possibility of expressing a single 
polypeptide heavy or light chain (or both) in plants. Gamma interferon is structurally and 
functionally distinct from an immunoglobulin light or heavy chain. Furthermore, it was 
well known that heavy chains expressed in the absence of light chains were generally 
toxic to B cells. See e.g., Hass et al., Proc, Natl. Acad. Sci. USA 81:7185-7188 (1984) 
{copy attached as Exhibit B, p.7187, right column, citing reference 1 1, Burrous et al.. 
PNAS USA 78:564 (1981)). In view of this evidence, it is submitted that one of ordinary 
skill would have been surprised to discover that plant cells would be capable of supporting 
secretion of an immunoglobulin heavy chain alone, an immunoglobulin light chain alone or 
the two combined into a single polypeptide as required by claim 43 or its dependents. If 
this were not the case, then the present inventors' work simply would not have been 
roundly hailed as a breakthrough in the scientific literature and in the general press. See 
e.g., cover of Nature, 242(6245), 76-78, 1989 (copy attached as Exhibit D); Excerpt of 
article in the Los Angles Times {San Diego County), November 2, 1 989 (copy attached as 
Exhibit E). 

It is further noted, that assuming arguendo that Goodman's limited teachings 
support to some extent expression of an immunoglobulin single polypeptide in plants, any 
such teachings would be negated by DGring's attempt and failure to achieve this result for 
light chains (i.e., During translation, p.80, line 2). Accordingly, the examiner is 
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respectfully urged to withdraw the rejection of claims 43 and dependents as allegedly 
obvious over Goodman. 

Applicant believes that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. 

The Examiner is urged to contact the undersigned by telephone to address any 
outstanding issues standing in the way of an allowance. 



Respectfully submitted, 



FOLEY & LARDNER 
402 West Broadway 
23rd Floor 

San Diego, California 92101-3542 
Telephone: (619) 685-6465 
Facsimile: (619) 234-3510 



Date; December 27, 2001 




Attorney for Applicant 
Registration No. 39,431 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

21 . {Amended three times) A plant, comprising: 

a) plant cells containing nucleotide sequences encoding [ on e or mor e] a 
biologically functional immunoglobulin product comprising an immunoglobulin heavy chain 
polypeptide and an immunoglobulin light chain polypeptide wherein said nucleotide 
sequences also encode a leader sequence for each polypeptide and wherein said light 
chain polypeptide or said heavy chain polypeptide or both are not full length [ not norm al ly 
produced by the p l ant ]; and 

b) biologically functional immunoglobulin product encoded by said nucleotide 
sequences, wherein each [ nucleot i de sequenc e encod i ng an immunoglobulin po l ypeptide 
encod es a] leader sequence [ form i ng ] forms a secretion signal that is cleaved from each of 
said immunoglobulin heavy chain and light chain polypeptide following proteolytic 
processing. 

43 (Twice amended) A plant, comprising: 

a) plant cells containing nucleotide sequences each encoding an 
immunoglobulin single polypeptide product containing at least [ o port i on of ]an 
immunoglobulin heavy chain polypeptide or portion thereof, an immunoglobulin light chain 
or portion thereof, or both an immunoglobulin heavy chain or portion thereof and an 
immunoglobulin light chain or portion thereof , wherein said nucleotide sequences encode 
[ po l yp e pt i d e a nd po l ypoptido further compri s es ] a leader sequence forming a secretion 
signal wherein said cells containing nucleotide sequence encoding an immunoglobulin 
heavy chain polypeptide or portion thereof do not contain nucleotide sequence encoding a 
light chain, while said cells containing nucleotide sequence encoding an immunoglobulin 
light chain polypeptide or portion thereof do not contain nucleotide sequence encoding a 
heavy chain ; and 

b) [ b i olog i cal l y functiona l] immunoglobulin single polypeptide product 
encoded by said nucleotide sequences, wherein said leader sequence is cleaved from said 
[ heavy ch a in ! polypeptide product following proteolytic processing. 
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Immunoglobulin heavy chain toxicity in plasma cells is neutralized 
by fusion to pre-B cells 

(ironuinQglobolin chain loss/lsoclcctrk focusing of heavy chain) 

Ingrio G. Haas* and Matthias R. Wabi.** 

•Friedrich-Mkichef.Uboraiortum flcf MflvPIwjCfc-Gwclfach^fi. Spemannrtnwse 1709, D-7<00 Tlibinwn. Fedcml Republic of Germany; and tOu D | \ M iiiutt 
for immunology. Grcnzachervnw 447, CrMOJU Basel, Switzerland ,MunilB 

Communicated by Nieh /T. Jemc, July v, 



ABSTRACT A plasma cell hybrldoma frequently loses its 
immunoglobulin heavy (H) chain spontaneously but rarely is 
production of Us light (t) chain lost. Upon fusion lo a pre-fl- 
ccll hybridoma that produces no lg chain, the L chain is fre- 
quently lost. In cells without the L chain the H chain, which is 
derived from the plasma cell, Is not chemically modified. Our 
results indicate thai, in pre-B cells, but nol in plasma cells, 
there must be a mechanism that neutralizes the toxic effect of 
(ree H chain. 



Myeloma* and hybridomas derived from plasma cells se- 
crcte immunoglobulin consisting of heavy (H) and light (L) 
chains. From such cell lines, subclones that have tost H 
chain expression can be recovered, but ihey still secrete the 
L chain (1, I). The L chain can ihcn be lost at the some 
frequency as the H chain. On the other hand, it seems to be 
very difficult ro recover ceils that have |<j*i L chain expres- 
sion but that still synthesize the H chain (1-3) except when 
the cells are mutagenized (4) or express a mutant H chain (5- 
7), These observation i have led to the view that the free H 
chain is toxic to the cells {2, 3). However, cells of an earlier 
differential ion 5iage, pre* 5 cells, synthesize intra cellular H 
chain in the absence of the L chain (8). To explain this differ- 
ence, several possibilities have been proposed: (0 (he rate of 
H chain synthesis in pre-B cells is too low lo damage the cell 
(9); [it) the pre-B cell synthesizes a different H chain that is 
nut toxic to the cell (2); or (Hi) in prc-B cells, there is a spe- 
cial protein that neutralizes lhe toxic effect of the free H 
chain (10, 11). 

Here wc report that hybcidomas derived from pre- a cells 
are not different from plasma cell hybridomas with respect 
to (heir rate or H chain synthesis and steady-state level of H 
chain. However, they do not synthesize the L chain, in con- 
sequence, we wanted lo answer the question whether there, 
are prc-B-cell hybridomas that can synthesize a free H 
chain, which has been shown to be toxic in plasma celt hy* 
bridomas. 

MATERIALS AND METHODS 

Cell Lines. Sp2 and GK14.1 were established and provided 
by O. Kohler (Basel). The cell lines are derived from fusions 
between spleen cells and a myeloma. X63 AgS. and synthe- 
size !gC2b. Sp2.0 is an azaguanine-rcsistant subclone of Sp2 
and has lost Is expression. Cell tines H32-21. H32-3. H32-B. 
and H6 are derived from Fusions between y2b-synthewjng 
subclones of the Abdson virus- trans formed pre-B-eell line 
18-81 and X63 Ag8633 (12), Clone M62 is a subclone of H6 
and synthesizes no lg Chain. NORA hybridomas were made 
by fusion of 5p2 HL Agl4 and H62, SHSP hybridomas arc 
derived from a fusion between Sp2.U and Sn2. Cell fusion 



The publication cost J of" ihii article weft d^ffivytd in pun by page churga 
payment. This article musi therefore be hereby marked "udvcrtisemrm" 
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was carried out as described (12). The genealogy of the vari- 
ous hybridomas is given in Pig. 1. 

Isolation or Subclones with lg Chain Loss. Soft agar cloning 
and antiserum overlay was carried ciul according to the 
method of Coffino and Scharff (1). When an antiserum 
against IgGZb (y2b.K) was used, about Vfo of the celts formed 
colonies without precipitation. These ((Jones were iiolated, 
and their lg expression was analyzed by immunofluores- 
cence. Clones of interest were grown in mass culture and 
further analyzed by immunoprecipitation and electrophore- 
sis. 

NaDodSOVPulyacrylemide Electrophoresis. Cell labeling, 
immunoprccipiLaiion, and NaDodSOi/polyacrylamide gel 
electrophoresis were carried out as described (12). PuJse la- 
beling (30 min) was carried out by the ajddicion of [ 35 S]meth- 
ionine to cells that had been incubatep in methionine-frcc 
select medium/10% dtnlyzed fetal calf;serum for 1 nr. The 
amount of [ iJ SJmelhio«ine incorporated! into the precipitated 
proteins was measured after gel fracttorfation by scintillation 
assay of the solubilizcd gel slices. 

Isoelectric Focusing. P*$)Methionme-labclcd lg precipi- 
tates were dissolved in 9.5 M urea/2fe Ngnidei P-40/2% 
Ampholinc (pH 5-ll)/5% 2-mercaptoelhonol and applied to 
isoeJectrofocusing slab gels. The gel Composition was ac- 
cording to OTarrell (13). Electrophoresis was carried out for 
1 hr at 250 V , for 12 hr at 400 V, and finally for 1 hr at 800 V. 
The proteins were visualized by ftuorofcraphy. 

Immunofluorescence. The purification and fluorochrome 
conjugation of goat antibodies s pec i flu for mouse H chain 
iso types and (he methods for immunofluorescence detection 
or intracellular lg have been described '(H), 

RESULTS 

The Rate of lg H Chain Synthesis and the Steady-Slate Level 
of the H Chain in Plasma Cell- and In Pr-e-B Cell-Derived Hy- 
bridomas Arc of theSume Order of Magnitude. The pre-B cell 
is characterized by the synthesis of intracellular H chain in 
the absence of the L chain. The free H chain is toxic in plas- 
ma cells, but pre-B cells may survive because they synthe- 
size (he H chain in small amounts [15, 16) that would not 
damage the cell. To test this hypothesis, we increased the 
amount of free H chain present in pre-? cells by fusion to a 
myeloma. The steady-state level of RHA specific for the H 
chain is lhe same in pre-B-cell hybridonlas and in plasma cell 
hybridomas (16). 

By measuring the shorHerm incorporation of radiolabeled 
methionine into the H chain (Fig. 2), we have compared the 
rale of lg H chain synthesis in prc-B -cell- derived hybrid- 
omas with thai of plasma cell-den've'd hybridomas. The 
amount of radioactivity incorporated into the various H 
chains was oft he same order of magnitude. Also, the slcady- 
staiti level of the H chain, as determined by long-term label- 



Abbreviation*: H chain and L. chain, hee^y and light chnin. rc?r>e.C' 
lively, of lg; fiiP. H chain binding proUm, 

EXHIBIT B 
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ing (Fig. 3) and by immunofluorescence intensity (data not 
shown), was not different. This docs noi formally exclude 
that pre-B cells survive the expression of free H chain be- 
cause of a low rale of synthesis, pm there would still remain 
the question of why the H chain is not toxic for pre-6-cell- 
derived hybridomas as it is for plasma cell-derived hybrid- 
onus. 

A Given H Chain Is Toxic in Plasma Cells but Noi in Pre-B 
Cells. Because pre-B-cell-derived hybridomas can survive 
high levels of the H chain, we wanted to know whelher they 
are able to survive the expression of a H chain, the toxicity 
of which has been demonstrated in plasma cells. For that 
purpose, we fused a plasma cell hybridoma to a pre-B-cet] 



hybridoma that had tost its own H chain expression. 

The Sp2 cell line is derived from fusion of a plasma cell 
wuh a myeloma (Fig. 1). It synthesizes both H and L chain 
and exhibits the H chain toxicity phenomenon (2). We con- 
firmed this by recovering Ig chain-loss- variants according to 
the method of Coffino and Scharff m Of 74 subclones. 69 
expressed no H chain, one expressed no L chain (that is, 
expressed H chain only), and 4 did nocj express any Ig chain 
at all (Table 1). We then fused the Spg cell line to a pre-B- 
cell-denved hybridoma, H62, that had (est the expression of 
its own Ig chain (Fig. 1). The resulting Hybrid cell tine NORA 
4 secreted H and L chain from the Sjfc parent line (Figs. 3 
and 4). The NORA cell line tolerates the H chain in the ab- 
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Fia. 2. Amount of radioaunviiy incorporated imo immunoprecfpuaicd proteins after separation on polyacrylamidc gel. 0KI4 1 (a) and Sp2 
(6) are plasma ceJl-derived hyfandomu arnthesuing both H and L chain; H32*2l (c), W20 (tf>. and H32-8 {<} are prfe-B-eeil-dcrivetl hybrid- 
oma$ symhcainng a H cnout that .3 aasoeiaicd with DiP<1 1). Tho^ndie&ted percentage of cells synthesizing Ig were dtfermiped by immunoflu- 
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f 10. 3. NaDodSQ,/polyacrylamide get electrophoresis analysis 
of the If* of variout hybridomas synthesizing both H and L chain or 
synthesizing (he H chain only, Sp2 (lanes a) anO NORA * Manes c) 
secrete both H nrol L chain; SPSP 1.55 (lanes b). NORA 4.2 (lane U). 
NORA 4.16 (lane e). NORA 4.8.20 (bne p. and Ihc pre-8<ell hy- 
bfidoma H 61 (lane synthesize the H chain without (he L chain but 
do no* accrete it. 

sence of the L chain. Ten out of 55 subclones of NORA 4 
with Ig chain loss synthesized Ig H chain without the L 
chain, 42 synthesized ihc t. chain only, and 3 did nol synthe- 
size any Ig chain at all (Table 1). A subclone of NORA 4, 
NORA 4,8, thai synthesize* both H And L chain, showed rhe 
same chain loss distribution (Table 1). In no instance was the 
H chain secreted As a control to account for the increased 
chromosome numbers of the NORA 4 hybrid as compared 
with Sp2, wc fused the Sp2 cell line to a nonprodueing sub- 
clone, 5p2:0\ generating SPSP hybridomus (Fig. 1). From 
these hybridomas. subclones synthesizing free H chain 
should be rare. Indeed, of 125 subclones with (g chain loss, 
wc recovered only 1 subclone expressing free H chain (Table 
1). Of these subclones, 122 hfld losi rhe H chain and two hod 
lost both lg chains. Comparison of the H chain of hybrid- 
omas synthesizing bo;h H and L chain or the H chain alone 
revealed no difference in size (Fig. 3) nor in isoelectric fo- 
cusing behavior (Fig. 4). Since lit this case, the H chain is 
one thai is known to be toxic, we conclude that in pre-B cells 
there is a mechanism neutralizing the toxic effect of free H 
chains. 

DISCUSSION 
Why are free Ig H chains toxic in plasma cells but not in prc- 
B cells? From the plasmacytoma MO PC 21. a vurioni could 
be recovered that synthesizes only the H chain. The mutant 
H chain of this variant lacks the lasT 67 carboxylHcrminal 
amino acids and forms polymers of at least 20 H chains (9). 
This polymerization is probably due to free sulfhydryl (SH) 



Tabic 1. Ig chain low pattern in various hybridoffias 
Nd. of subclones 
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Fio. 4. Isoelectric focusing analysis of irttrncclluJDr Ig of various 
hybmlomajc symhesi2inn both H and L chain er i'ynihcsiziae H 
chain only. Lanes: a. pre-B-ccll hybridom3 H 61 (yZbj; b, 5p2 
(y2b.*): c.SPSP 1.55 (>2b); d. NORA 4 ( y 2bw>: e. NORA 4.2 <y2b); 
f, NORA 4.16 (y2b); g. NORA 4.8.20 (y2b). The r 2b chain of H M 
fraa a vuriabte region different from the one of the Sp2 cells wid their 
hybridomas. 

groups on the H chain that would normally form the L-H 
bridge. The normal H chain probably could also polymerize 
in the absence of L chains but would form much larger insol- 
uble complexes that would damage the? celt. Polymerization 
of L chvu'ns c»nnot occur because no additional free SH 
groups are available once the L chain has formed a dimer. It 
is Of interest that H chains are predominantly found its 
monomers or dimcrs in pre-B cells (I1J, as well as in the H 
chain-synthesizing subclones of ihe NORA 4 hybrid line 
(data not shown). Thus, neutralization of the toxic effect of 
the free H chain may be achieved by the prevention of H 
chain polymerization— for example, by an enzyme that al- 
ters the reactive SH groups of the Ig H chain. Since we did 
not find any difference in the isoelectric focusing pattern of 
the intracellular H chains of Sp2. NORA 4. and of those sub- 
clones synthesizing no L chain (Fig. 4); one can postulate a 
protein that either rapidly degrades accumulating fret H 
chain or protects the reaclivt SH groups without chemical 
modification. Wc have already described a proiein (heavy 
chain-binding proiein. BiP) that binds to Ig H chains not as- 
sociated with the L chain (11). In all NORA subclones that 
have lost the L chain (some of them are.shuwn in Fig. 31, the 
K chain is associated with xhe BiP. If the BiP is neutralizing 
H chain toxicity it should be less active in plasma cells than 
in pre-B cells. 

Whatever the mechanism for neutralization of H chain 
toxicity, our results demand ao explanation of why H chain 
synthesis precedes L chain synthesis in <B -eel I ontogeny (10). 

We thank Drs. J. Johnson (Munich) and C. Sixtnberg (Basel) for 
discussions. 
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GENE TRANSFER OF IMMUNOGLOBIN LIGHT CHAIN RESTORES HEAVY 

CHAIN SECRETION 1 WAVY 

VTNCENT H. PEPE.- OAIL E. SONENSHEIN,* MARK I. YOSHIMURA,' and MARC J. SHULW- 

Toronto, Ontario Af4JTj jj. Cruwuia 



Several lines of evidence suggest that immuno- 
globulin (Ig) light fL) chain plays a role in the secre- 
tion of heavy (H) chain. For example, myeloma var- 
iant lines, which synthesize the Ig H rha^ \nxt not 
the l> chain, fail to secrete H chain protein. Here we 
have tested directly the role of assembly in 

the control of Ig secretion by the transfer of func- 
tional L chain genes into two such L chain-defective 
myeloma mutants. A \2 or r L chain gene was intro- 
duced into variant lines of the mouse myelomas 
MOPC 315 (IgA. X2) or PC7 (IgM, <)♦ respectively. 
Although the two mutant lines are unable to secrete 
the H chain they produce, rescue of secretion of 
complete Ig protein molecules (IgA or IgM] was ob- 
served after transection. These results imply that 
the secretory apparatus of these cells is intact and 
that the failure to secrete free H chain reflects a 
structural feature intrinsic to that protein. The im- 
plications of these results with respect to control of 
secretion of multi-subunit proteins are discussed. 



The immunoglobulin (Ig] heavy (H) and light (L) chains 
are assembled and processed Intracellularly and then 
secreted together as a mature, functional protein (1). A 
normal L chain can usually be secreted in the absence of 
H chain. For example. Bence-Jonea proteins are derived 
from human myelomas that secrete free L chain (2)> 
whereas in the mouse system , there exist mutant mye- 
loma and hybrtdoma cell lines that do not produce H 
chain but continue to secrete L chain (3). The situation 
for the normal H chain Is different from that of the L 
chain. Mutant cell lines have been described that synthe- 
size a full length H chain but no L chain (3, 4]. These H 
chains are not secreted. Construction of hybrid lines 
between H chain and L chain variant lines results In H 
chain secretion In the form of assembled Ig molecules (5, 
6). Although these results suggest that the normal full- 
length H chain can be secreted only when assembled 
with the I chain, other explanations are possible. For 
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example, the L cham-nonproduclng cell lines might have 
undergone a second, unrelated mutaUon thatlreducea 
their capacity to secrete Ig, We show here that the first 
hypothec is correct, In that for two cell Unes that pro- 
duce H chain only, the transfer of a functional L chain 
gene restores H chain secretion. 

Materials and methods 

MOPC 315 Cell grewth conditions and measurement of la aali- 
peptide synthesis and secretion. MOPC 315 cells fcere gLwrTtnA 
maintained by serial passage Jn Dulbccco's modified t^e^dhim 
PME] suppletDcntcd with 16% fetal calf scrum, lodu/inl wnicSm 
100 jig/ml alrcptanrycln. IOO mM noncwenual amino acids 4mM 
glutamine. and 40 mM alucooe. ' 

To awca intraceUuiar Ig L and k chain syntheaih. culture* were 
pulse labeled for 20 min with a mixture Of six racfolabelcd amino 
aclda: 30>d/ml of l^HUcuclne. pHItysinc. fHlprolin* rHJphenylaJa^ ' 
nine* l^ftyrwlnc. and 20 #a/ml of J^|methJoninfe. Washed cells 
were re*u«pended In SO mM Trts-HCI. 50 mM NaCland were iysed 
by the addition of Triton X- 100 and oodlum decjeyebtrtate to 1% final 
Concentration each, a* described (6). After rcqnov^I of nuclei by 
centrtfugatlon at 2000 rpm for 10 min. sample* of pell cytoplasmic 
lysates were removed for determination of trichloroacetic udd+lnsel. 
uble radJo^cUvlty. Equal allquots of celt tysates werd Immunoprcdp. 
Itated with rabbit antl-rnouse IgA protein and a goat an U -rabbit u 
anusera (Miles Yeda). Precipitates were dissolved tafcOmMTris. pM 
6.9, 2% 5DS. where noted proteins were reduced \>A\h mercaptocth- 
anol (0.5%). Samples were Analyzed by SDS-FAG2 as described (8 to 
1396) {7). 

To as3cw secretion of Ig protein, cultures were labeled for Q Vhr 
peflcxl with the amino add mixture described above.raxid samples of 
the media. lmnmnopr«elpltAtodand analysed by SD&jPAGEas above. 

PC7-<lerlved celt lines and measurement Oflg polypeptide jj/n- 
thai* ond secrelCorv The cell line PC7 secretes Ig^j specific for the 
hapten phosphoTylchoUne [PC} 1 (4). Prom this cell Line, we isolated 
the mutant 574, which lacks the gene far PC-»pccjflc L chain (M. 
Baker, personaj communication]. Mutant 574 produdes, but does not 
secrete, an apparently normal p. chain. The mutant Cell line 40O 
lacks the m gene of tbc PC7 parent line (unpublUhed results): It 
continues to synthesize the * L chain. 

PC7 celts were incubated in ("C]leucine to label Intracellular and 
secreted ig, The >t and t chains were precipitated byireacQng with a 
mixture of rabbit antl*^ and ajiil^x aera (Daymor LacjorfltorteaJ. Non- 
reduced eamples were resolved on 495 pol^acrylaailddgels canUlning 
0,1 M Trts-blclne pH 8.3, 0.1% SDS, and 0.7% wJ/'sllaliyltartaT- 
dlarqldc aa deathbed (fl). Free it and < cllalris. obtained after reduC^ 
Uon. were arwJy^ed witn the gel system described bij Laemmli (9). 

Construction of vectors bearing X2 and k U chain genes. The 6.6- 
kb Eco RI genomic fragirjerit containing the \2 MOPC 315 L chain 
gene (10) was inserted Into the Eco RI 31 te of the pSV2»gpt* vector 
containing the SV40 enhancer (H), &» shown in Figure la- The 
resulting vector. pCpt-X2. kindly provided by H. MuriNdo (Univemlty 

or Tomnto). was tran«fceted into B. coil otialn HBlOtl . 

The 7-kb S107 fragment (12). encoding the <Pq L chain* was 
Inserted Into the Bam HI 6Jte of the plasmld pSVO-nro (13). The 
recombinant plasmld. pNeo-*Pc> conCalntng the Insert In thcortenlflr 
tlon shown Ln Figure lb. was transfected into £. coil strain K803. 
Protoplast Jaston. Puo(on of bacterial prDtoplascs with myeloma 



4 Abbreviations used in this paper: PC phosphcrylchollrte: KAT. by- 
pcwnthJne-amlnopterln-thrinidUie: gpt. ^unlne phosptorlbosyl trana- 
fcrasc. 

EXHIBIT C 
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cella wa* performed a* described (M. 15). A auapcAaJon ftf bacterial 
cells transformed with the plajmid. which had been amplified over- 
nlaht in the prwrtce of chloramphenicol, urna ennfcrtfaged at 3000 
rpm for 30 mln. w**ned once with 0.9* NaCI. and rtouapended in 
0.05 M Trta, pH 8. 20» aucroee at 9 rtnal concentration of 1 * 10'° 
ceils/ml. To 1 ml of bacterial suspension. 0.2 ml lysosyme (1 mg/ml 
in a 25 M Trls, pH B.0) waa added, and the mixture was Incubated 
for 5 mln on Ice. Aflcr subsequent addition of 0.4 ml of 0-25 M 
£DTA. pH B.0, the mixture was again incubated for 5 mln on ice. 
then diluted with 0.4 ml 0.05 M Trte. pH S.0. and Incubated at 37"C 
for 30 mln with occasional mixing. The suspension was diluted with 
10 ml of medium containing 10» sucrose and 0.0125 M MgCW: 0. l 
ml al 1 rnfi/ml DNasc was added, and the mixture was Incubated at 
room temperature for 15 mln- The protoplasts (1x10° celts) were 
peUeted, supernatant waa removed, and 10' myeloma cells were 
layered on top by Ccntnfugation- The protoplast and cell mixture 
was gentry rouSpetided In I ml PEG fusion buffet [0.35 gm PEG 
iOOO, 1 ml DM£. 0.2 ml dimethyl sulfoxide]. After a 15-wc exposure, 
the ecu auftpcnalon was diluted with DMEM without scrum, and ceDa 
were pelleted by eeotnf ligation. reeuap«ndcd fr* medium, and dis- 
tributed in microliter wefio. For the tranafer of the XI gene, cell* 
were placed after 3 daya in HAT (hypcaanthlne-amlnopterin-thy. 
mldlne] selective medium and then cloned in aoft agar For the 
tranafer of the xpe gene, cells were plated at 10* and JCr <*lU/mJ m 
mujtlweil dlahea; after 2 daya of incubation, the medium waa aap- 
plemented with 1 mj/mlof the antibiotic G4 IB (13). 

RESULTS 

Synthesis and secretion qf IgA protein by MOPC 315 
LV-1 variant after X2 L chain gene transfer. LV-1 was 
originally isolated as a rionsccrctlng variant of the mouse 
myeloma MOPC 315 (IgA, X2) tumor {16). It was adapted 
to growth In tissue culture and was subsequently dem- 
onstrated to have lost the ability to synthesize the X2 L 
chain (6), LV-1 synthesizes an altered a M chain, approx- 
•Imately 3000 daltons smaller than the wild-type chain. 
This altered H chain Is not secreted, but Instead Is de- 
graded intraccllularly with a half-life of approximately 
30 mm (6). To facilitate lactation of transfeciant colonies 
of LV-1 cells, a \2 L chain gene cloned in the vector 
pSV2^gpt and an LV-1 derivative defective in hypoxan- 
thlne phosphoribosyl transferase (HPRT) activity were 
employed (Fig. la). The pSV2-gpt vector bears the bac- 
terial gene for guanine phoephorlhosyl transferase (gpt) 
and confers on HPRT cells the capacity to grow in HAT- 
containing medium (II). The cloned DNA was transferred 
by protoplast fusion to the LV-1 derivative line defective 
In HPRT activity, as described in Materials and Methods. 
Five HAT-rcsistant transforrnants were isolated and re- 
cloned for study. The individual lines were tested for X2 
L chain synthesis, and the levels were compared with the 
parental LV-1 line, as negative control, and with a hybrid 
line, HL-2. derived by fusion of LV-1 with V-l, a A2 L 
chain-producing variant of MOPC 316. described previ- 
ously (17). The results arc displayed in Fig. 2A, The 
profile seen with HL-2 represents approximately wild- 
type amounts of X2 and a chain synthesis for the MOPC 
315 myeloma line, (The additional bands of irnmunopre* 
cipltated material arc the translation products of aber- 
rant a H chain RNA species transcribed from the ex- 
cluded a H chain constant region allele.) (17, 13) The level 
of X2 chain production by the tranaformants varied, but 
was always much lower than wild-type cells. [Values 
between 10- and 50-fold lower were obtained, data not 
shown.) The pattern from the tranafonnant that pro- 
duces the highest level of \2 chain TLH-29 Is shown in 
Figure 2A. As expected, n synthesis of L chain was 
detectable with LV- 1 . as observed previously (6). 
The ability of the TLH-29-transfected cell line to se- 




3V40 orl 

Flour* l. CooatrucUaa of vKton bearing W and * L chain gao». a* 
The 6.6-kb cloned MOPC 315 L chain gene (It 1 waa Inserted into the Eco 
Rlattc of the pSV2-£p( vector. O, The 7-kbSl 17 fragment ri2j. encoding 
for the cPe L chain, waa Inserted Into the Bun W alt* of Uic pte«nM 
pSV2-ncn. 

crete lg was analyzed (Fig- 2B) . Both <k chain and X2 chain 
are secreted by TLH-29, whereas no secreted Jg is oh* 
served in the media of the parentafl line LV-1, as mo- 
tioned above and reported previously (6). The level of 
secreted IgA by TLH-29 is significantly lower than that 
from HL-2 and la commensurate with the lower level of 
X2 chain produced Intmcellularly by the transected line. 
The band visible: above the X2 chaiti in the TLH-29 an* 
HL-2 lanes has been identified as the J chain by *P^} C 
lmmunopreclpitatlon (7). This protdln is Involved In tw 
formation of multlmerlc forms of fgA protein (X9) and is 
only seerered attached to a chain [20. 21). The oth£ 
transected lines also secreted ig)\ protein, ^thou* 
again the levels were lower con^nensurate with tn 
amount of X2 chain production [data oot shown)- 

Although the X2 chain of IgA La not disulfide bond^ 
the H chain and migrates separate^ hi an SM gel *P 
tem. the formation of H chain mulLirhers containing 
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Figure 2. Rescue of Ig H chain jccrcUon alter transfer af X2 gene. 
BuctcrUi ptotoplAAia of attain KB101 bearing ihc plaamld pCpt*X2 (Fig, 
la) were with LV-1. After 3 tf*y«. «1« execcsatog U**: ffpt ge*« 

vr cre adected in HAT medium and cloned In ooft ft^ox. A. Analyab of 
Intracellular tg L and H chain syntheala. Culuirea wens pulec libeled for 
20 mln with a mKCnre of al* radiolabeled amino adds: 20 >Ci/ml of [*H] 
leucine, rUPyvine, [^proline, [°H]pfetiiyiaUa|ne, an* pH]tyrd*lnc and 
20 fCl/ml of p*SJmcthlontnc Cell Jysatc* were InlfturttpreclplLatcd with 
rafchii *rttf*a?ouoe IgA protein And a float antl-rabblt tg anUaera. Precipi- 
tates were diudved in 50 mMTrtj. pH 6.S. fc% SOS. protein* were reduced 
Willi mefdjXocUwnBl [O.S%], &nd equal samples wen analyzed by 505- 
PAGE [6 to 13%). fl. Analgia of accreted If protdna. OuHurw «fc 
tncubalcd in ihc presence of the radiolabeled amino add mlkturv for a 4- 
hr period: fractions or the media were tzumunapred piloted ana analyzed 
by SOS-PAGE a* above. 

SECRETED 

(NON-REDUCED) 




Plgura 3. Structure of secreted IgA. molecule* after transfer of X2 gUle, 
Secreted IgA protein waa radiolabeled and imrpunnprcdpliAltd a» dc- 
BCftbed 1A Figure 3, Precipitates were dlaaolved |n 50 mM Trfa, pH B.S. 
2% SDS, ajid samples were analyzed by 5DS-PAGE |b to 1S*J without 
reduction. 

than two H eha\n molecules is diagnostic of assembled 
IgA (21). The mobility of the secreted Ig protein under 
conditions where disulfide bonds were not reduced indi- 
cated Che formation of dlmers and tetramers of H chain, 
consistent with normal multimerlc IgA formation (Pig- 3]. 
Thus, although suggestive. SDS-FAGE cannot be used to 
prove the formation of complete mulbmeric IgA forma 
even though, as seen below, pentamertc IgM Is secreted 
from ^ chain transfonnanLs. 

The kinetics of Ig protein secretion from TLH-29 were 
measured by pulse-chase analysis. The time course of 
appearance of IgA into the medium is shown In Figure 4. 
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Plfurc 4. Kinetics of K chain Ktretton from LV-1 after Emufcr of the 
XI L chain gene Cultures of TLH-29 were ptuju uoeJcd for 20 mfo as 
above. Ulee W»hed and rawpcrtded in fresh .twa/m cnedhnn. Afler the 
Indicated Uroea of chase, ^amplca were remold and the nicdla were 
analyzed for accreted a chains, aa Indicated lii Figure X The autorudl- 
ogrami were quantllated by Manning deiuiioWfry and Intqpntlon of 
peat areas. 



By extrapolation, secretion of newly synthesized IgA oc- 
curs after approximately 30 to 40 rhiiv Similar values 
have been obtained for Wild-type MQPC 315 cells [22], 
Thus, the time for secretion of IgA lh the transfonnant 
TLH-29 line is approximately normal. Furthermore, ex- 
amination of Che profiles of labeled intracellular proteins 
indicates that expression of X2 light /chain in LV-1 cells 
results In stabilization of the H ehaiji protein from deg- 
radation. The altered H chain polypeptide synthesized In 
LV-1 cells normally turns over with % half -life of approx- 
imately 30 mln (6), and thus cannot Be detected after the 
240-mln chase period (Fig. 5). In contjrast, the kinetics of 
clearance of Intracellular IgA from TiH-29 are similar to 
those observed with wild- type MOPC 815 cells (6 T 22) and 
with the hybrid HL-2 line (Fig. 5). Tftua, stabilization of 
the H chain from the normally rapid turnover observed 
in LV-1 cells occurs after expression iof the introduced L 
chain gene. 

Rescue of Ig^ secretion after k L cjialn gene transfer. 
The hybrldoma cell line PC? produces lgM|*) ( which is 
specific for the hapten PC Using a suicide selection 
method [4), we obtained a mutant, 5t4, which produces 
a m H chain that it does not secrete. From the results of 
Gearhaxt et al. [23] , the FC7 cell line laexpccted to express 
Che same gernvline PC-spec ific variable genes as arc 
expressed In the myeloma SI 07- Accordingly, the < gene 
cloned from S1Q7 (Fig. lb) (12) was ^transferred into the 
mutant 574 cell line. This vector caxlries the n&o resist- 
ance gene, allowing for selection wlthlthe antibiotic G418 

Twenty G41 6- resistant colonics were initially 
screened, of which 13 (65%) were positive for PC hemol- 
ysis (performed as described In Table I)> The PC-spedfic 
lysis activity in the culture medium of these transform- 
ants ranged from nil up to the nonnall leveL Of these, two 
were chosen (T574/cpc-2 and T^74/xpc-10). which 
showed approximately normal activity, and one fT574/ 
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rigufr 3. Putee-ttiaac analyst of Intracellular IgA protein within LV- 
] a/ter transfer of the X2 L chain gene. Culture* of TLH-29 Were pulae 
labeled for 20 min ad nbgyc. waahed. and resujpended m fresh, warm 
medium. Sample*, removed at the indicated Limes, were analyzed by 
ImmunopiccJpltailOrt and 3DS-PACE, aj described In Figure 2. for I tod 
H chain*. Culture* of LV-i and ihz hybrid Hoc HL-1 were UmOufy 
treated: results for the 30- and 240m(n Um« points art ahown for 
core prison. 

TABLE I 

Functional euUMty oflQM#emtcd by VansfonTuntu* 



Cell Una 



HcnwIyUdTtter 



CEN5 TRANSFER OF fg L CHAIN RESTORES H CHAIN SECRETION 

The low frequency of myeloma and hybridoma mutants 
making only H chain has suggested that high-level *rZ 
ductlon of normal H chain In the ibaence or L chain 
might often be toxic (25). Our results Ho date suggest that 
the n H chain of mutant 574 la no|rmal. As shown fa 
Figure 6, tt Is of normal size and can U Incorporated into 
pentameric IgM. To assess Its PC binding and comple 
ment activity capacity more quantitatively, wc measured 
its hemolytic titer on FC-coupled red«cells. The IgM con. 
centratton was measured by titerlngik capacity to induce 
]>5is of protein A^coupled red cells !ln the presence of 
anU-ii serum (4) (Tabic I). These results Indicate that the 
IgM made by L chain transformanta iof mutant 374 has 
normal activity. Wc are therefore unable to detect anv 
functional (Table 1) or any structural difference (Fia m 
between these IgM molecules and conclude that them* 
tant 574 makes a normal u H chain. 

discussion 

Assembly plays an important role i* the secretion of fa 
protein, Here we have demonstrated that the introduction 
of an appropriate \ or * L chain gene restores accretion 
of a or ft H chain as assembled IgA. or ran molecules 
These results directly demonstrate that L chain produc- 
tlon is normally required for a cell tjo secrete H chain 
This result explains the rescue of H chain secretion by" 
myeloma H chain-producing cells af teY hybrid formation 
with L chain-producing cells, as wejl as the failure of 
investigator from several laboratories to isolate mye- 
loma variants capable of secreting frfce normal H chain 
(5. 6, 25 J. Thtfl conclusion is also consistent with the 
observation of Valle et al. [26) that fg H chain dlmo* 
accumulate in oocytes microinjecte^ with myeloma H 
chain mRNA and are not secreted unljess L chain mRNA 
is also Injected. The finding that the ^elective inhibition 
of X2 production in MOPC 315 by idtotype-speciftc T 
suppressor cells does not result in thel secretion of free a 
chain (27) Is also in agreement with oiUr conclusion. 

Genetic approaches have also implicated control at the 
level of assembly for secretion cf J chain, the joining 
protein necessary for multimeiic tg protein formation. 
MOPC 315 mutants, which have loeLthe ability to eyn- 
theslze « H chain, fail to secrete J cjhain protein (20), 
Only L chains can, la general, be secreted In the absence 
of H chains (2. 3, 6. 25). Some unusual L chains, the PC- 
specific chain (2d) (Fig. 4) and the * chain of myeloma 
tumor MOPC 21 (5), are secreted only : when paired with 
a H chain, Their failure to be secreted presumably reflects 
some molecular feature of the variable region, a hypoth- 
esis consistent with the observation of et aL [10), that 
the substitution in position 15 from gty to arg In the 12 1* 
chain of MOPC 315 blocks Its secretion. It is interesting 
that the PC-specific m and * chains cftn be secreted to- 
gether as IgM, whereas neither at chesti Ig chains can be 
secreted alone without the other. 

The expression of the introduced X2 L chain gent was 
very low* even though many copies (>a00) of the clsned 
DNA were detected in the LV-l transfedtants by Southern 
blot analysis (data not shown). This expression was pf&b" 
ably driven by the SV40 enhancer, present on the pSV2- 
gpt vector, as was shown previously fbr transfecticn of 
the XI L chain gene (29). Alternatively „ integration into a 
"transcriptionally open" site in the chromatin may bavc 
played a role. The inability of researchers to find a A ^ 



FC*pcctfte 



WJldlype(PC7) 


3' 


s 3 


Mutant 4574) 


0 


0 


Mutant (400) 


0 


0 


Tranafonnanu 






TS74 (tpc2) 


3" 


3 a 


T574 Upc-lO) 


3» 


3 a 


TS74(tpc-l]J 


O 


0 



'Culture AuptrnaUnts were prepaid by growing 10* viable eeUa/mi 
for 24 hr at 37*C SupciTttfcwto of the culture* were three/old serially 
diluted, undlluUd supernatant bring the moat concentrated malarial. 
Hejoar/ata titer w» scored u the dilution At which a 2?J aample caused 
hemotytfa |4). IgM concentration wu measured by the capacity e/ the 
culture jupcrnaiant to Iy« protein A-coupled red cclla In the presence of 
onU>>i serum (4. 24) specific hemolysis uierj. PC-5peelflfthfc(nelyBls waa 
atovyed directly en itd cells coupled with PC-ONS eater (4). 

<pc-l 1) with no activity (Table I), it should be noted that 
the precision of the hemolysis assay is about I dilution 
step (threefold). 

The analysis of intracellular preparations (Fig. BA) in- 
dicates that the parental and tranafonnant cell lines 
synthesize the m H chain. As expected, the transformants 
positive for PC-specific hemolysis synthesize the L chain; 
conversely, the transfonnant that waa negative for PC- 
specific hemolysis showed no detectable Intracellular * L 
chain. The level of x chain production is consistent with 
the hemolysis values within the accuracy of the assay. 
For comparison, results have been included for the PC7 
mutant cell line 40 0. which lacks the m gene but contin- 
ues to synthesize the * L chain at a very low level. Se- 
creted IgM is analyzed in Figure 65; the transformants 
that make r chain also secrete H chain. The mobUIty of 
the material where disulfide bonds were not reduced 
Indicates that th IgM is secreted in th pentameric form 
(Fig. eq. 
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(REDUCED) (REDUCED) (NON-REDUCED) 

figure & Anaiysin of lg production after iransfer or * gene, The plsarnid pNeo-*fe (Fig. 1 b) introduced tnlo Ute bacterium K603, and pro<cplaatn 
tfere fused wllh the mutant 574 myotonia Cclfe. Cokxilea (trenafexmanb) robust to 1 m^m) (Hid were selected and r» ltmed Xty limiting dilution. 
Cell* Trerc iirab*tcd In | 14 qjnuelnc, as dtscrfbed (4). to labci Intracellular ud accreted If. The 0 and w chnlm were precipitated by reacting with a 
mixture of rabbit anll-s and onU-< Jcnj, Unea: a) TrJld-lype PC7; b) mutant 574; cj mutant 400: d) LrsjiafcxTDaM TS74/<pt -2; cj tx*ruformant T574/ 
,pc-lQ. Q tfanafarmant TS74 Apc-1 1 . A. Analysis of Intracellular material after reduction or disulfide bonds. 8. Analyaioj of accreted material after 
reduction of disulfide bonds. C. AJUuyws of accreted material withoui reduction of disulfide bonds. In tanc g. ttia mutant 3U Xrtilch mafces tnooomertc 
(gM [4), Is Ip eluded for compartaaa- 




chain enhancer Is certainly puzzling. Clearly in our ex- 
periments, the endogenous gene was expressed at a sig- 
nificantly higher rate than the Introduced cloned version. 
Because the pGpt-X2 clone encompassed 6.6 kb of the 
MOPC 315 X2 L chain gene, this result suggests either 
that the regulatory sequences axe more distant or that 
the endogenous gene has a different conformation, one 
that la better able to interact with cellular factors re- 
quired for optimal A t chain gene tranacTtpclon. 

Thus In a normal situation, free H chain polypeptide Is 
not In an appropriate form to be secreted. This may be 
due simply to structural differences between a free H 
chain compared with a H chain assembled in an Ig mol- 
ecule. Thorens et af. (30) have shown that free m chains 
are directed via the CIS golgl to lysosomes where they are 
degraded, whereas ji-L chain pairs migrate via the trans 
golgl to the cell surface. In some myeloma variants the H 
chain la degraded intracellular^ (6); In other cases It 
remains Within the cell (3), The results of the experiments 
presented here Indicate that assembly of the H chain 
with a. L chain is sufficient to restore secretion of those 
polypeptides In a complete lg protein. The importance of 
assembly in control of secretion has also been demon- 
strated for collagen (31), ^microglobulin (32], and the T 
cell receptor (33), Thus, the assembly of multl-subunit 
proteins is often a requirement for protein secretion, and 
thus might serve as an important regulatory step in the 
secretary process. 
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mechanism of NA release /torn rat cerebral-cortex synipto- 
soraes. Became immunocyiodiemical studies have shown that 
B-50 Is found in synapses throughout ibe brain"^, B-50 could 
be more generally invaded in transmitter releasa. Three lines 
of evidence suggest that the phosphorylation of B-50 by PJCC 
is essential for srinuilus-sccrcrion coupling during transmitter 
release: (1) phorbot esters thit directly activate PK.C enhance 
the release of ^ variety of ncurotra nsrnitteTS 1 (2) by wing an 
antibody~uidcpeadent approach, we have previously shown that 
depolarization-induced aeurocransroirter release from odd* 
penncabilfeed synvptosomcs and hlppocampal slices is closely 
correlated with a FKC-mediated increase in 5-50 phosphoryja* 
don 1 *- 23 ; and f3) here we have shown that acti*B-5Q IgG Inhibits 
B«50 phosphorylation as well as Ca-^-depondent dacsraliwr 
release. If B-50 phosphorylation by PKC is indeed Involved in 
the mechanism of transmitter release* then a long-term increase 
in PICC-mcdiated B-50 phosphorylation'* 17 could be one of the 
mechanism! underlying the increase in the release of glutamic 
that occurs during long-term potentiation*" 7 " 1 ' 1 *. 

In view at the localization or BOO ai the inner leaflet of the 
plasma membrane* 1 - 14 , we suggest thai B-50 "is involved in the 
regu lation of vesicle fusion with the plasma membrane, a process 
in which the vcsicJe* associated protein synapsis I (a substrate 
of calmodujin-dependent kinases) has also been implicated 17 * 11 . 
But the difference In the localization oTphosphorylatlng entities 
of these two proteins indicates that they have distinct roles In 
the transmitter release process. It may be that the regulatory 
role of B-50 in vesicle fusion is not limited to transmiuer release, 
but extends to membrane-fusion processes during ncurite out- 
grawih 18 * 3 '. It remains to be investigated to what extern cal- * 
modulin binding 14 and modulation of phosphatidyl inositol 
^phosphate kinate aclivuy^'—purattVB properties of B-50— 
are also involved in controlling neurotransmitter release. Q 
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Complementary DNAs derived /rem a mouse faybrfdoou. 
messenger RNA. were used to mnsfarm tobacco leaf jegmeots 
Tollowtd by regenentlon of mature plants. Plants eipre^ing singk 
gamma or kapna iramunoglobultn caalns wre crossed to ytdd 
progeny In which bath chains were expressed* simnltanennily. A 
functional and body accumulated to of total leaf protafa fg 
plaits expressing full-ltneih cDNAs containlas leader senueoces.' 
Specific binding of (he antigen recogDtzed by t&ese antibodies var 
simiUr to the hybndoma-<ieri7od antibody. Transforatants baring 
y- or tt-chain cDNAs without leader sequences gare pattr 
cxproiion at the proteins. The (screwed ^bendaece of both y- 
in rl K-chains in transformanrj expressing assembled gamn»» 
luppa complexes *&$ not reflected In Increased mRNA Ictcl&Tbe 
results demoDStrate that production of imsiunOg]abaJins and 
assembly of farictloBal 4tifiIbodi&a occurs very crficieotty la tobiccn, 
Assembly or subunils by sexual cross might be a generally appU- 
cable method for expression of heterologous multimers In pluus- 
The source of immunoglobulin mRNAs was a hybridomacell 
line expressing a catalytic Igd antibody (6D4) which binds a 
low molecular weight phoSphonaW ester (P3) md caurysesihe 
hydrolysis of certain carboxylic esters. Constructs used for 
immunoglobulin expression m plants consisted of coding- length 
cDNAs of the 6D4 -y- or jc-chain im'ih or without their leader 
sequences. These cDNAs were tcodified to contain ternnaal 
EcoRl restnerion enzyme diftcstioo sites and were li gated hub 
the constitutive plane expression vector pMON530 (ref. Z] (□ 
form pKilOl (kappa, no leader), p Hi 102 (kappa, leader), 
pHi20l (gamma, no leader) and pHi202 {gamma, leader). We 
transformed tobacco plants using Agrobaaerfum containing 
each of these four plasmids 3 and screened leaf extracts from 
regenerated transfartnanCs for the presence of immunoglobulin 
heavy or light chains by enzyme-Jinked immunosorbent assay 
(EUSA) 4 . Traosformants expressing Individual immuno- 
globulin chains were then sexually crossed to produce progeny 
expressing both chains. The results of the ELISA revealed nixta 
levels of kappa and gamma chains accumulating isx mdividoal 
plants containing DMA from both pHiKtt and pHttoi ftable 
1; Rg> 2a). We verified the expression of horh heavy and HfbX 
chains by western blotting (Fi^. I). From the EUSAs* we judged 
Chat virtually all the r- and /c- chains in these plants were 
assfimbled into gamma-kappa complexes (Table 1). Western 
blots provided additional evidence for assembled an li bodies 
rn that, under aon-redndng conditions, most of the immuno- ' 
reaaive y and ^-chains aggregated at a high molecular Trdght 

The binding specificity of the assembled gammarkappa com* 
pleies was studied in ELISAs in which a ?3-bovine serum 
albumin conjugate was used as intigen. The antigen binding by ; 
antibody dorived from plants was equivalfent to antigen bhwEne 
by the 6D4 hybrid oma antibody. Incabadon of plant extracts 
or the purified 6D4 antibody with iO ujnol P' F3 for 3 h at 15 *C ; 
before addiii n to the 2L1SA eiiminaxed antibody btndmg to \ 
the P3-BSA conjugite, demonsoadng u^at binding was specific 
for the f*3 hapten* Half-maxima) inhibition occurred wkh 
10 iimol t" [ free P3 for both hyfaridoma and plantrdcrivcd and- 

Tran5formants derived from the leader! ess constructs pHilOl 
and pHi20i contained very low levels of and y-cfiaiflJ 
respectively, but Southern and northern blots (Fig. 2) deffl- 

n?«miiMl th*» nr^mtfii of EransforTTiLA* DMA und IrnmURO- 
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immuoovlobulifl chains contained assembled gemma-kappa 
compluea (Table 1). 

The Increased recovery of immunoglobulin epitope* from 
(ttmfonnxflis «pre*iing AilMcngrJi cDNAs was not reflected 
In incroajBd mRNA. transcript levels. tfOithern bioU (Fi$.Zb) 
comparing pH1201 and pHi20Z uarisforrnantsv for example, 
scaled nearly equjvaJeiu levels of hcavy^chajn ixsjucxipts, 
although ELISAi Indicated a AG-fold increase In accumulation 
of Ktayy-chairt protein to tho pHL202 trans ConxuvnL Lilcome, 
immunoglobulin mRNA levels in a plant product luge 
amounts of assembled antibodies *crc not ngnificwidy different 
from the parental planes chat iccunuilaxed law levels of 
immunoglobulin chains (Fig. 2b), 

Ovr results ahow thai individual cDNAs far immunoglobulin 
*n and >cbu*ny cm be efficiently expressed in tobacco to Toan 
functional unibodies. Assembly of immunoglobulin Chains by 
JCXUll croaj In planu represent} a useful alternative to the 

expression by a single vector of born gamma and kappa cDNAs 
U in yeast or bacteria 3 ' t or double transformation wfrh vectors 
containing individual cDNAs". PotenriaJly. this method is 
applicable to die uycmbly of oligomer* other than antibodies, 
The charactcrizanoa of antibodies produced in piano (glycosy- 
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' AceunutaLlon of TnuVdjaJ gamma and kappa ct&r* Oh/apermg tnw< 
omtewv wis eoifnatedby ELBA*. Mcmtitrf wefts ware coated with a goat 
ang-mow* hm, or 6g* dwusp«dfb kal (Fisher) Irt ISOrrtJ toa 20>r#4 
tdsJU pH O0 0BS1. roOow*d oy soa*i^ witft 5% non-f at cny rnOV bi TBS, 
nmtkMm^ wvhMtngeiizeil lname?urrtpu«ue lt4T<torejnova 
»f lh©m»0^kL To (MiupnrnDjrttaQtfttrtorYQlumtOf 9XTBS*** sodad, 
and $0 pi of i tn lunal earfons v*r* addad to e»tfv mfcro&ni vrt. A/tor 
18 ft at 4 "C micro «re wells were washed with dsttBttd water at room 
tem&traturi. Bound y or K*o*ukia ware micro* wtdi goat aod-me™ 
bgavyynj^trf^aiipaflcaTittxKto 

tar 2h ai 37 "C h TBI and detected aecurttc 10 tna rna^nctinra 
ininuctfana. CoAtroi micro (to* welb contt^d utnxtJ frvn planti trmrts- 
famied with pMQhS30 v^tor. VaJuea itVen ai mean tea,!} a* derived 
rram hi least two Miamttwfora perpftmarij*)rctkitiiJaTnnffcrm^ia 
predudng na do^ci^o t- or jr-chain. At leau ntn* ^lanuj warn Oiaayod 
&i ash csregDryi M vatuea are gtven u fig per jng of icta* pnieri h iha 
euraot art are eenved from ow quantity of ptf^6D4 antl^tmiAcd 
b> tN^n an oaulvd«ni edter oowtopmerg la EUSA. Tory putafci bi chv 
vxna wu oatsfminedtiy ff» BJo-W Coomassat asaay. Contfranoiy 
ONas containing no leader j#qu#nces am mfarrsd to aa and ^ ^ 
and «. refe/ u cflNAs wittiJeDOfir ncamces: 7(7} r&rnr^ to g^nmaeiaun? 
feaDUnt tnatfllMaDTeaaea «<nnlni,aidvtav«rAritfn^heaMk 
theses are values for ptonts with th* hrghau isvofa oi accurndHOaa 

rnw nurwr orpufiu «praasing > orir-chalia among lhopfegeny of 
a uudf cress. Tnt £LlSA fcr *u«muy used horso recto pmUsM- 
csnjugaied arti-^daiT-uacftSc antAculv to datact anUgn oound 03 
mtoetlvi weaa caitad with trvsoeiad antJ^i^n-speafli anilbooiaa, and 
vies vwja. vakju dvhwd fnvn otaaa aaaaya wera c44d to calolaur dn 
per cent 0/ o^BTttfy &r caim«rison vlth tnv putfed OD4 vaiooey. Tnts 
warn (fawntinM at (eut tnr«e tmti for eacn tk plant The per eant 
aiumoty MprteMd in p»«nih««« a m mnvi **d. 
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laden, processing «f liadar saquenov. cytorodtlzsiioe aif 

turnover) will be described lq a laier paper. 

In B lymphocytes, immunoglobulin processing and assembly 
oceun tn the endoplasmic redculum/Colfi ia a process thai 
may be promoted by heavy-chain binding proteins prexe&t fa 
the endoplasmic reiiai]um ,ait . Plant ceils may also have ■ 
system for muftimcr assetnhfy in their endoplasmic . 
reliculum/Gulgl that can recognize hnaranoglObaLln chalas." 
AleanuiivoJy, assembly mey occur , spontaneously, gjTra 
suffident lewis of each chain in the ipproprinie eeihilar «b>'|, 
panmcnLr Our rcavJts demonstrate ibn plants recuirc a signal'' 
sequence for efficient asfforobiy of y- and j^subunits. The pres?* 
ence of the mouse leader sequence dearly aggmenu the tcauof-l 
tation of indrvidoal chains. This might be the result of an' 
enhanced trans lane q of the imnunoglobulm messengen or in 
increased stabiliry of each protein as x result of JubceJtultr' 
iequesterins or jcercUon. The yield of each chain ti inexcawd 
in places expressing both gamma, and kappa, mdiatinj 'that' 
assembly of the gamma-kappa cample* might enhance stahfflty,* 

123456789 
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flai Western wot of tear prctcJns (rom ir*$&rtt toOacco planis ejcweer. 
irt j imn^qpoouHn eftaift*. LaaT iegmanui a g) fnxii rnaturo ctertts wtn) 
humije^rfcBd In a mortar and pestio wTmlrtQiBMTrls^prtT^lnal 

with c«-v,tOieul 2 mM oTtNc-dvmltof 10TT) aa Ipdtoaced for 3 mln SOSPAtZ 
h 104 •crytirnfda 1 ' sod bkndng of dv precehs to nnnscatuloH 1 ' an' 
performed a* desirtted, SJota ivera pretneubated for Sn at 4 t: bi 20 my 
Trttid pHgA l» mM Naa 0411* IWfi MOSffll ttntahanj » Q5A> 
and 0JH non-fat dried m* before (he> ^toof nrmxki^Atkrtt^tttd 
goat antMnouaa wnote r$s andoooy (Canpail aautad i-^oo b TOT ass 
used to probe the Wots tt 4 'C f or 24 K A van** of eeyrifflardafr/ ivststfa 
onuDoojes CaniKmouae Igue) were used In ofrer experlmenU «Uh stabr 
reaats. Anybody bMng wis vfvuatznd tfter beatraj of sowavMivcon^ 
gated sftauno priosphatase C25*GL for 2h> by hasiatfon In 3Uiig'nir\ 
nrffebJoa {etramAim and ISO pLgrm^ 1 5hromo-4^clSQro^ilalyf pnoa- 
phate. h lam 1-7, 40ui of eaen extract ooruaHng ott; t»s 8 aid 9. 
40 oievct Trldwut OTT. lav U 100 ng pvtSed svehoey from try €04 
hyb/1ooiittlte2.15 cECwfltWypa ptait«ittsxprtts^lra^l5^pTouliri 
from a pbmt ^sntfermod l^th truncated jr-ehatncOMA (efRinU constats] 
no entdef aenuonce: tone 4, IS u£ fYara puVrt trsnsfurmed »*nh trtitssad 
>cnati cDNA fprt20lc una H. IS ug frem a ndUangth kJDpa cCKA 
transfom>ani(f^iClo2h l*^ 3. IS f«m a /UUengvi y^fieai eSKA tnjRf-. 
formem (prl?02)c lane 7, 15jig from on fl ot»c obrtyed from fttoma 
baomsn ■ luema snd ■ cemm* prouueer; ^ a, 1OT ng en* ^ttftedr 
OTTh lin o, samo a* tan* 7. Attaet ftd CTT, Gammi andlosppa on the taft 
refer to ma petti dons erf tha 6D4 hearr and tgnt chaaisi pceroona of 
malBafr vdtfht (given tn euuesnda) mdttm *n shewn on «a dgTe. Bf 
OJSA, extracts In lanes 3-9 conxafmd wf law letels of ^ ^ r^ta 
(c;o,00W af toraf protein. Table U wnerw eaa^ In 1 7 and 9 
ec*<»iowj o2< 3-3 •nd iJ3afc fmrnutoRtoftuin m^oWy. L- 1"- 
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TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING 
REJECTION OVER A PENDING SECOND APPLICATION 



Docket No. TSW 184.2C2 



In the application of: Hein et al. 

Serial No.: 09/200,657 

Filed: November 25, 1998 

Fo * TRANSGENIC PLANTS EXPRESSING ASSEMBLED SECRETORY ANTIBOEODIES 



The owner, The Scripps Resesarch Institute, of 100% percent interest in the instant application hereby disclaims, except 
as provided below, the terminal part of the statutory term of any patent granted on the instant application, which would extend 
beyond the expiration date of the full statutory term defined in 35 U.S.C. §§ 154 to 156 and 173 as shortened by any tenninal 
disclaimer filed prior to the grant of any patent granted on pending second Application Number 09/5 12,736, filed on February 
24, 2000, of any patent on pending second application. The owner hereby agrees that any patent so granted on the instant 
application shall be enforceable only for and during such period that it and any patent granted on the second application are 
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee its 
successor or assigns. 

In making the above disclaimer, the owner does not disclaim the tenninal part of any patent granted on the instant 
application that would extend the expiration date of the full statutory term as defined in 35 U.S.C. §§ 154 to 156 and 173 of 
any patent granted on the second application, as shortened by any terminal disclaimer filed prior to the patent grant, in the 
event that any such granted patent: expires for failure to pay a rnaintenance fee, is held unenforceable, is found invalid by a 
court of competent jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 C.F.R. § L321, has all 
claims canceled by a reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full 
statutory term as shortened by any terminal disclaimer filed prior to grant. 

Check either box 1 or 2 below, if appropriate. 

1 □ For submissions on behalf of an organization (e.g., corporation, partnership, university, government agency, ere ) 
the undersigned is empowered to act on behalf of the organization. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be tme; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the application or any patent issued 
thereon 

2. @ The undersigned is attorney or agent of record. 
Dated: December 27. 200 [ 




□ Terminal disclaimer fee of $1 10.00 under 37 C.F.R, § 1.20(d) is attached. 

H Please charge the tenninal disclaimer fee of $ 1 10.00 to Deposit Account 50 0872. 

E PTO suggested wording for Terminal Disclaimer was: 

@ unchanged □ changed (explanation on attached sheet). 
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